The Water Safety Plan (WSP) concept has become a globally recognised and accepted approach to drinking water supply management and operation. Many countries around the world are adopting this proactive, risk-based model for ensuring consistent confidence in drinking water safety, accessibility and affordability. While it is widely accepted that the WSP concept is an appropriate tool for ensuring drinking-water supply efficiency, the process for gathering the required evidence to demonstrate this continues to be rather vague. The problem may lie fundamentally in the way WSPs are developed and implemented. This paper discusses the need for establishing performance targets, identifying key performance indicators and monitoring these to build a body of evidence that would be instrumental in demonstrating whether WSPs are effective or not.
INTRODUCTION
to the more traditional, product quality control approach which relied entirely on end-point testing. Water-borne disease outbreaks such as Milwaukee, (Wisconsin, USA) in 1993, when Cryptosporidium contamination of the public water supply caused more than 100 deaths and over 400,000 illnesses, Walkerton (Ontario, Canada) where in 2000 an Escherichia coli O157:H7 (E. coli) contamination resulted in the death of seven residents and 2,300 ill people, and similar, but small-scale outbreaks in New Zealand (Ball ) have exposed the serious limitations of relying primarily on end-point testing. The WSP approach overcomes these limitations by encouraging a paradigm shift from the reactive, product quality control to a more systematic and proactive process quality control.
Globally, there has been a sharp increase in the application of WSPs; however, these have primarily been within utility supplies in developed countries (Mahmud et While there is little doubt that the WSP approach improves supply performance and provides greater confidence in drinking water, demonstrating this has been problematic.
Indeed one of the most significant issues emerging from the Lisbon Water Safety Conference (held in 2008) was the need to establish a more compelling evidence base of benefits associated with WSP implementation (Williams ) .
This lack of compelling evidence of benefits associated with the implementation of a WSP should not come as a surprise, though. The problem may lie partially in the way WSPs are developed, implemented and evaluated.
THE ISSUE
The process for developing a WSP varies slightly from country to country, but the core components are almost always identical -a detailed system description, thorough risk assessment and prioritisation, Improvement Schedule, Monitoring Plan and Evaluation (Figure 1 ). The problem lies in the way these steps are applied at the time a WSP is being written. For instance, a review of WSPs written by utilities in Pacific Island Countries shows that a lot of emphasis is placed on writing the document (Steps 1-5); however, little or no emphasis is placed on monitoring and evaluation (M&E) of the WSP system once the document is implemented. Thus the WSP documents were complete and thorough in terms of risk assessment and management, but in terms of monitoring and evaluating the effectiveness of control measures and improvements, the plans were found to be lacking.
Another problem is to do with the lack of an established benchmark to measure the effectiveness of a WSP against. Davison & Deere () suggest that key public health and operational targets should be used to evaluate a WSP. Targets provide a benchmark against which the adequacy of elements of the WSP may be evaluated. A majority of the PIC WSPs reviewed were found to be lacking any measurable performance targets directly associated with the plan. Without these targets, it is almost impossible to conduct a meaningful evaluation.
To measure these targets, Key Performance Indicators (KPIs) that help track progress in achieving the set targets need to be identified. These should be directly related to the WSP, covering individual systems and processes and measurable in the short-term.
The final problem lies in deciding how to evaluate these targets. Evaluation of a WSP should go beyond just assessing compliance with water quality targets and should include a more systematic verification and validation of the plan itself as well as verification and validation of individual systems and processes within the overall supply. Compliance monitoring, on its own, is not an appropriate evaluation as it does not truly reflect performance improvement as a result of changes catalysed by a WSP.
DISCUSSION
As described above, the biggest challenge for suppliers with a WSP is to collect the evidence required to demonstrate that it is in fact working. The problems may lie in the way WSPs are developed, implemented and evaluated, and can be addressed as follows: 
Setting targets
Setting targets is a means of prioritising the goals and objectives of a WSP and defining the expected results that may be achieved through implementation of one.
The targets of a WSP should not be confused with the overall goals and objectives of the supply. It is essential that suppliers maintain a distinction between the goals and objectives of the supply and those of the WSP because an evaluation of the WSP is not necessarily an evaluation of the overall supply, and vice versa. The goal of a WSP is to improve infrastructure, and optimise systems and processes that would ultimately lead to improved performance of the supply and thus reduced risk to consumers' health.
WSP targets can be set at two levels: macro-targetsmeasuring health outcomes and overall performance improvement as a direct result of implementing a WSP; and micro-targets -measuring the improvements in performance of individual systems and processes from implementing a WSP. Table 1 lists gladesh. Supplies were graded from A to E, with A signifying best quality supply (i.e. 0.0 E. coli per 100 ml) and E grade indicating an extremely hazardous supply (>1,000 E. coli per 100 ml). By the end of the first phase, the proportion of supplies previously in the E grade dropped by 20%. For a supply that previously was in the extremely hazardous category but managed to improve and achieve a better grade, the change is quite obvious and the evidence that the WSP was effective is quite compelling.
Defining KPIs
Once targets have been established, a system of measuring progress and/or performance against each target must be put in place. This situation is commonly achieved by identifying performance indicators. In a WSP context, it is common to measure indicators based on drinking water quality. However, water quality indicators are not always the true indicators of performance. The scope should be broadened to include other, usually inconspicuous indicators, such as Table 3 .
Additionally, KPIs can be assigned to monitor performance of each control measure identified in the WSP and these can be easily incorporated in the risk assessment matrix. This is particularly useful in monitoring the performance of existing control measures to ensure they are functioning optimally. The monitoring plan in a WSP documents the procedures and strategies for monitoring the various aspects of the supply to maintain confidence in the safety of the supply and should include the following information:
• What to monitor?
• How to monitor?
• When (or how often) to monitor?
Typically, the monitoring plan mirrors the routine monitoring regime already established by supplies as part of compliance monitoring. However, it is quite easy to integrate aspects of monitoring in the risk assessment matrix (Table 4) .
For each KPI identified in the WSP, it is important to define the critical limits. Critical limits (or trigger limits)
are useful indicators of any deviation in the systems and processes. These can be readily interpreted at the time of monitoring and corrective action (Table 4) 
Documentation and record keeping
One of the major struggles in evaluating the adequacy and efficiency of a WSP is to collate the appropriate evidence.
Often this could be attributed to a lack of proper documentation and record-keeping. Documentation of key WSP outputs (Table 5) 
Evaluating a WSP
In simple terms, an evaluation of a WSP is an assessment of the changes made to the infrastructure, operation and/or management of a supply as a direct result of implementation of a WSP and how these changes have helped to achieve set targets. Bartram et al. () propose a system of verification and validation of a WSP.
Verification
In general terms, Verification can be described as a system of 'determining that a procedure is performed according to the intended design' (Sperber ). In the WSP context however, verification means determining that the WSP system is in compliance with the WSP plan.
In New Zealand, the Health (Drinking Water) Amend- These auditing functions typically rest with the local Public Health Units (PHUs) as the regulatory agencies.
As is the case in New Zealand, the WSPs should ideally be verified independently by an external auditor (such as the health agency). However, these auditors will need to be appropriately trained and qualification requirements should be established. For example, most WSP evaluation in New
Zealand is done by a Drinking Water Assessor (DWA), a specialised regulatory officer under the HDWAA, who is appropriately trained and is required to undergo a stringent accreditation process. The HDWAA requires that a WSP must be implemented within 30 days following approval of the plan by a DWA.
A DWA may conduct an 'implementation assessment' of the WSP -usually a year after approval of the plan and annually thereafter. This implementation assessment is a thorough and systematic external verification of the WSP which involves careful evaluation of the systems in place and how these align with the plan itself.
Validation
Generally speaking, validation is the 'determination that the intended result has been achieved' (Sperber ). 
It is common to interpret this as meaning

